Tertiary dentine forms when an odontoblast is directly affected by stimuli, commonly through occlusal wear. In this study the presence of tertiary dentine is recorded in three South African fossil hominin species (Australopithecus africanus, Homo naledi and Paranthropus robustus), and two extant great ape species (Gorilla gorilla gorilla and Pan troglodytes). Frequencies of tertiary dentine were calculated for each species based on macroscopic observations of teeth with dentine exposed through occlusal wear. Overall, the three hominin species have similar tertiary dentine frequencies ranging from 12% to 16.13%. In contrast, over 90% of gorilla teeth with dentine visible show tertiary dentine.
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and Paranthropus robustus), and two extant great ape species (Gorilla gorilla gorilla 53
and Pan troglodytes). Frequencies of tertiary dentine were calculated for each species 54 based on macroscopic observations of teeth with dentine exposed through occlusal 55 wear. Overall, the three hominin species have similar tertiary dentine frequencies 56 ranging from 12% to 16.13%. In contrast, over 90% of gorilla teeth with dentine 57 visible show tertiary dentine. Chimpanzees fall between these extremes with 47.21% 58 of teeth affected. Species variances are not related to differences in occlusal wear. 59
Instead, some species appear predisposed to produce tertiary dentine earlier and/or 60 faster than other species. Therefore, tertiary dentine formation has the potential to 61 provide useful information on fossil specimens. For example, the uniformly low rate 62 of tertiary dentine formation in hominins may be due to thick enamel having a similar 63 role in preventing loss of function of teeth, i.e., extending the life of a tooth. In 64 contrast tertiary dentine is clearly an important mechanism for normal dental function 65 in gorillas, and may have evolved to maintain sheering surfaces for masticating tough 66 vegetation. 67
Introduction 78
Primary dentine is produced during tooth formation and is succeeded by 79 secondary dentine, which is an ongoing slow process (Rutherford et al., 1995; Dean, 80 2017 referred to in this study as 'tertiary dentine' following Foster et al. (2013) . The terms 85 'secondary dentine', 'irregular secondary dentine' and 'reparative dentine' have all 86 also been used in the literature to describe this phenomonon (e.g., Ortner, 2003 ; 87 Hillson, 2005; Dean, 2017) . 88
Tertiary dentine can be formed in two ways. Reactionary, in which new dentine 89 forms from the pre-existing odontoblast, and reparative, in which new odontoblast 90 cells are formed (Ricucci et al., 2014; Dean, 2017) . Both types can only be formed 91 when an odontoblast is directly affected by stimuli, and so the position and structure 92 depends on the type and intensity of the force (e.g., occlusal wear and caries). The 93 colour of tertiary dentine is distinct from the surrounding primary dentine, and usually 94 darker in appearance (Hillson, 2005) . 95
Only a few studies have looked at tertiary dentine in detail (e. studies have yet to be carried out on hominins, although its presence has been noted 101 (Margvelashvili et al., 2013) . It is not known how the frequency and speed of tertiary 102 dentine formation varies between wild primate groups or if certain groups may start to 103 produce this form of dentine in response to stimuli earlier than others. In this 104 exploratory macroscopic study these processes are tested by comparing tertiary 105 dentine rates in different species of extant great apes and fossil hominins. The aim is 106 firstly to see how variable hominids are in terms of tertiary dentine frequencies and 107
secondly to see if differences in formation rates may relate to diet or phylogeny across 108 the five species studied. Dentine is exposed through antemortem wear on half of the teeth studied. A major 121
issue in comparing frequencies of tertiary dentine is the amount of postmortem 122 discoloration on many hominin teeth. Particularly common is for dentine islands on 123 the occlusal surface to be stained but for the surrounding enamel to appear relatively 124 unaffected. Teeth with such staining are excluded from analysis. However, the large 125 size of the three fossil hominin species studied means there is still a large sample for 126 each. 127
Only teeth that have dentine exposed on the occlusal surface through wear, 128 and are not damaged or obscured by post-mortem damage, were included in analysis. 129
Tertiary dentine is then marked as present or absent for each of these teeth. Obvious 130 coloration changes that are clearly antemortem in nature are recorded as tertiary 131 dentine (Figure 1 ). Only clear areas of tertiary dentine that are visible with the naked 132 eye, and caused by wear rather than other stimuli, are included. The severity of 133 occlusal wear for each tooth was recorded following Scott (1979) for molars and 134 Smith (1984) for all teeth as part of a separate study (Towle, 2017a) , allowing 135 differences in wear between species to be examined. 136 
Results 142
The three hominin species have very similar tertiary dentine frequencies, 143 ranging from 12.00% to 16.13% (Table 1) , with no statistically significant differences 144 among them (e.g., P. robustus vs. H. naledi: X 2 = 0.326, 1 df, p= 0.5679). The extant 145 primate samples have substantially higher rates than the hominins, with gorillas 146 standing out with over 90% of teeth with dentine exposed through occlusal wear 147 displaying tertiary dentine. The same order for the extant great ape samples is present 148 in deciduous teeth, with gorillas having the highest frequency (Table 2 ). There were 149 not enough complete deciduous teeth with dentine exposed for the hominin samples 150 for comparisons. The more worn a tooth is the more likely it will display tertiary 151 dentine. However, differences in wear between species do not explain the large 152 differences in tertiary dentine frequencies, with wear score proportions similar among 153 all species studied (Towle, 2017a Table 2 . Frequencies of tertiary dentine in deciduous teeth, as a percentage of all teeth 161 with dentine exposed through wear on the occlusal surface. 162
Species

Tertiary dentine present
No tertiary dentine
Tertiary dentine %
Chimpanzees 113 128 46.89 Gorillas 131 61 68.23 163 164
Discussion 165
Differences in formation properties of tertiary dentine are at present not well 166 understood. However, it is known that this material forms as a response to stressors, 167 including heavy wear (Bjørndal, rarely been explored. Presumably as well as the type of stimuli causing the tertiary 170 dentine formation, the intensity of the stimuli and dental properties are important 171 factors (Ricucci et al., 2014; Dean, 2017) . 172
The results of this study show that diverse hominin species, from three genera, 173 have similar tertiary dentine rates. This is despite disparity in other dental properties, 174 and dietary differences between these three genera (e. example, tertiary dentine formation may be less important in hominins, with thick 179 enamel potentially more important for extending tooth functionality, most notably in 180 species such as P. robustus. 181
The differences between species is not related to differences in tooth wear, 182 with all species represented by a wide range, and similar proportions, of wear stages 183 that all cluster around the same mean (Towle, 2017a) . The deciduous teeth for the 184 extant primate sample follow the same pattern as the permanent teeth; again 185 suggesting genuine species differences in the speed tertiary dentine is formed. 186
Differences in the speed of wear between species has been suggested as potentially 187 influencing formation, with wear that is too fast potentially not allowing enough time 188
for tertiary dentine to form (Fischer et 
